Cerebrospinal fluid (CSF) neopterin levels were measured in child patients with neurological diseases. CSF neopterin levels on admission were significantly higher in patients with bacterial meningitis than in those with aseptic meningitis or in those with non-pleocytotic CSF. CSF neopterin levels in patients with bacterial meningitis one day after admission were higher than those on admission and were markedly elevated with high levels of CSF IFN-y and TNF-a. CSF neopterin levels in patients with bacterial meningitis one day after admission were related to the period of positive serum C-reactive protein. In patients with non-pleocytotic CSF, CSF neopterin and CSF IFN-y levels were higher in patients with febrile convulsion (FC) than in those with pyrexia only or convulsion (including epilepsy) only. These results suggest that elevation of CSF neopterin in bacterial meningitis results from monocytes/ macrophages costimulated with IFN-y and TNF-a and that immunological activation in the central nervous system is one of the mechanisms of onset with FC.
Introduction
Neopterin is considered to be a marker fo r activation of the cellular immune system ( 1 ). Therefore cerebrospinal fluid (CSF) neopterin levels are examined in the analysis of various kinds of infectious diseases III the central nervous § Author to whom correspondence should be addressed. *Parts of the work were presented at the 5th M eeting of Cytokine and Neopterin held o n July 18, 1998, in Nagoya, Japan. system (CNS). eSF neopterin levels have been reported to be elevated in diseases such as aseptic meningitis or multiple sclerosis (2 ,3) , erythroph agocytic disorders (4 ) AIDS ( 5, 6) or ill vanous situations (7, 8, 9) .
We measured the CSF and serum neopterin levels m patients with bacterial meningitis compared with those in patients with aseptic meningitis or in those with non-pleocytotic CSF. Moreover, patients with non -pleocyrotic CSF were categorized into three groups; convulsion with pyrexia (febrile convulsion: FC), pyrexia only and convulsion only; to study the immunological states in patients with febrile convulsion. The CSF interferon-gamma (IFN-y) and tumor necrosis factor-alpha (TNF-a) were also measured in some patients from each category to investigate the immunological condition in the CNS associated with various diseases.
Patients and Methods
Seventy-eight patients (51 males and 27 females) were studied. CSF and sera were collected from patients who attended the Nippon Medical School Hospitals (Second Hospital, Tama Nagayama Hospital and Main Hospital) from Jul. 1991 to Feb. 1998 for spinal tap under clinical indication. Eight patients ( 5 males and 3 females , 1/ 4 -15 1/3 years) had bacterial meningitis. Hemophilus injluenzae was detected in 4 cases, Streptococcus pneumonia in 1 case, Listeria monocytogenesis in 1 case and 2 cases were undetectable, respectively. Twenty-two patients (15 males and 7 females, 1 month-8 1/ 2 years) had aseptic meningitis. Significant elevation of viral antibodies in CSF was seen in 8 cases (mumps in 5 cases, varicella zoster in 1 case, rubella in 1 case, echo 30 in 1 case , respectively). Forty-eight patients had non-pleocytotic CSF. Fourteen patients ( 10 males and 4 females, 3/ 4-8 1/ 6 years) were finally diagnosed as febrile convulsion (FC). Four patient's convulsions did not stop within 30 minutes. Three were clinically diagnosed as exanthema subitum complicated with FC. Twenty-two patients ( 14 males and 8 females, day 6-4 1/3 years) had pyrexia but not convulsions. Five were finally diagnosed as exanthema subitum and two were MCLS. Twelve patients (6 males and 6 females, 1/6-4 1/ 2 years) had convulsions without high fever. Seven cases were epilepsy, two rota virus infection, one CNS leukemia, one cere bral vascular disease (origin unknown), and one pertussis, respectively. Informed consent was obtained prior to each examination.
Neopterin was measured with CSF and serum for all patients using high performance liquid chromatography (HPLC) (10) . IFN-y levels were determined by RIA (1 1) and TNF-a levels by ELISA (12) .
Data are reported as mean ± standard deviation . The data were analyzed by paired Student's-t test, with a level of p < 0.05 considered to be statistically significant.
Results
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CSF neopterin in patients with meningitis (Fig. 1 and 2, Tables 1 and 2)
The CSF neopterin levels in patients with bacterial meningitis on admission were 82 .4± 37.0 nmol/ L. Those with aseptic meningITIS on admission were 34.0± 21.2 nmoljL and those with non-pleocytotic CSF 9.9 ± 10.9 nmoljL, respectively. The CSF neopterin levels on admission were significantly higher in patients with bacterial meningitis than in those witl1. aseptic meningitis or in those with non-pleocytotic CSF (Fig. 1) . Serum neopterin levels (data not shown) in patients with bacterial meningitis on admission were 14.5 ±4.8 nmoljL, those with aseptic meningITIs were 10 .7 ± 3.8 nmoljL and those with non-pleocytotic CSF 16.0± 10.1 nmoljL, respectively . CSF neopterin/serum neopterin ratio (CIS ratio) in patients with bacterial meningitis on admission was 5.58±2.30, that with aseptic meningitis were 3.32 ± 2.22 and that with nonpleocytotic CSF 0.50± 0.30, respectively.
The CSF neopterin levels in patients with bacterial meningitis one day after admission were markedly increased (235.8± 108.8 nmoljL), but the serum neopterin levels were not significantly increased ( 18 .4 ± 5.4 nmoljL). SO CIS ratio one day after admission was remarkably increased (13.35±7.05).
Time courses of CSF neopterin and CSF cell counts are shown in Fig. 2 . There was no adm ission, as the period of posItIve serum CRP was longer (Table I ) . The CSF neopterin levels in two cases of bacterial menin gitis with extremely h igh levels of CSF IFN-y and TNF-a on admission (Patient A and B) markedly increased durin g the first day in hospital. However CSF neopterin levels in two o ther cases of bacterial me ningitis with lower levels of CSF IFN-y a n d TNF-a on admission (Patient G and H) mildly increased during the first day in h ospital ( Table 2 ) . (Fig. 3 , Table 3) T h e CSF neopterin levels in patients with FC were 19.1± 17.0 nmoljL. T hose with pyrexia without convulsion were 6 .8±3.1 nmoljL and those w ith convulsion witho ut pyrexia were 4 .9±
CSF neopterin in patients with non-pleocytotic CSF
2.9 nmoljL, respectively (Fig. 3) . CSF IFN-yand TNF -a in 12 patients were measured (Table 3) , however all cases of non -pleocytotic CSF had TNF-a ju st below a sensitive level of 5 pg/ ml. CSF IFN-y in patients with FC had the tendency for higher levels than those with only pyrexia or only convulsion.
Discussion
Various authors have reported on CSF neopterin in various diseases (2, 3, 4, 5, 6, 7, 8, 9) . As for viral infection, Fredrikson et al. reported that CSF neopterin levels in the acute phase in aseptic meningitis were elevated (2) and Griffin et al. reported that CSF neopterin levels in patients with measles complicated with meningoencephalitis were higher than those uncomplicated with meningo-encephalitis (3). The present study showed that the CSF neopterin levels on admission were significantly higher in patients with bacterial meningitis than in those with aseptic meningitis or in those with nonpleocytotic CSF, and that CSF neopterin levels in patients with bacterial meningitis increased one day after admission. Since the CIS ratio in patients with bacterial meningitis one day after admission was markedly higher than that on admission, elevation of CSF neopterin is thought to be caused by neopterin production in the CNS, not by inflow to the cerebrospinal space from that in the peripheral blood .
Though there was no correlation found between CSF neopterin levels and CSF cell count, the higher CSF neopterin levels one day after admission resulted in a longer period of positive serum CRP (Table 1) . The CSF neopterin levels in two patients with high levels of IFN -y and TNF-a. were markedly increased during the first day of admission (Table 2 ). Since it has been reported that TNF-a. enhances the effect of IFNy for neopterin release by macrophages in vitro (13) , neopterin production in bacterial meningitis should result from monocytes/ macrophages costimulated with IFN-y and TNF-a. in the CNS which may take up to 24 hours to occur.
On the other hand, the results such that pleocytotic CSF had high levels of neopterin were easy to assent. However, CSF in patients with FC, whose CSF was not pleocytotic, had higher levels of neopterin than in those with controls; only pyrexia or only convulsion. The results of this study show that the immunological state in the CNS in patients with febrile convulsion is activated, but the data that CSF TNF-a. levels in patients with pyrexia and/or convulsion are below sensitive limits may suggest that it is not necesary for the mechanism of FC.
Neopterin is thought to be produced by activated macrophage/monocyte (1) under stimulation of IFN-y. It has been reported that macrophages and microglial cells were identical with their origins (14, 15) and that microglial cells possibly produce neopterin (16) . The present results that CSF neopterin levels in patients with FC, whose CSF had no pleocytosis were elevated also supports the possibility of neopterin production by microglia. Patients with FC also had a tendency for higher levels of CSF IFN -y than those with only pyrexia or those with only convulsion .
The present study suggests the following two conclusions; one is that elevation of CSF neopterin in bacterial meningms results from monocytes/ macrophages costimulated with IFNy and TNF-a., the other is that immunological activation of microgrial cells is one of the mechanisms of onset with FC.
